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CALCIUM DICARBOXYLATE ETHERS, METHODS OF MAKING SAME. 
AND TREATMENT OF VASCULAR DISEASE AND DIABETES 

THEREWITH 

FIELD OF THE INVENTION 

5 The present invention relates to 6-(5-carboxy-5-methyl-hexyloxy)-2,2- 

dimethylhexanoic acid monocalcium salt (1:1), 6-(5-carboxy-5-methyl-hexyloxy)- 
2-2-dimethyIhexanoic acid monocalcium salt (1:1) solvates, methods of producing 
6-(5-carboxy-5-methyl-hexyloxy)-2«2-dimethylhexanoic acid monocalcium salt 
(1 :1) in cr\'stalline forms, methods of producing 6-(5-carboxy-5-methyl- 

1 0 hexyloxy)-2.2-dimethylhexanoic acid monocalcium salt (1:1) alcohol solvates in 

cr\'Stalline forms, and the treatment of disease therewith. In particular, the 6-(5- 
carboxy-5-methyl-hexyloxy)-2.2 -dimethylhexanoic acid monocalcium salt (1:1) 
and solvates thereof of the present invention are useful for lowering certain 
plasma lipids in animals including Lp(a), triglycerides, VLDL-cholesteroI, and 

15 LDL-cholesteroI, as well as elevating HDL cholesterol- The compounds are also 

useful for treating diabetes mellitus. 

BACKGROUND OF THE INVENTION 

Vascular diseases such as coronar>^ heart disease, stroke, restenosis, and 
peripheral vascular disease, remain the leading cause of death and disability 

20 throughout the world. About 1.5 million people die each year in the United States 

alone from myocardial infarction resulting from congestive heart failure. While 
diet and life style can accelerate the onset of vascular diseases, genetic 
predisposition leading to dyslipidemia is a significant factor in vascular-related 
disabilities and deaths. ''Dyslipidemia" means abnormal levels of lipoproteins in 

25 blood plasma. 

Several risk factors have been associated with increased risk of vascular 
disease. Among these are the dyslipidemias of high levels of low-density 
lipoprotein (LDL) and low levels of high-density lipoproteins (HDL). The ratio of 
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HDL-cholesterol to LDL-cholesterol is often used to assess the risk of vascular 
disease. A high ratio of HDL/LDL cholesterol is desirable. Compounds that 
increase this ratio by either lowering LDL or increasing HDL, or both, therefore 
are beneficial. 

5 Studies also have shown that elevated levels of a modified form of LDL 

designated as lipoprotein(a), "Lp(a)/' are detrimental. Elevated levels of Lp(a) 
have been associated with the development of atherosclerosis. coronar\' heart 
disease, myocardial infarction, stroke, cerebral infarction, and restenosis following 
balloon angioplast>'. In fact, Lp(a) appears to be an excellent predictor of stroke 

10 potential. Accordingly, high concentrations of cholesterol in the form of Lp(a) are 

one of the major factors leading to death from heart disease. Compounds that 
lower Lp(a) are therefore beneficial. 

U.S. Patent No. 5.648,387 discloses 6-(5-carboxy-5-methyl-hexyloxy)- 
2-2-dimethylhexanoic acid and its effectiveness in lowering plasma concentrations 

15 of Lp(a). and in increasing HDL. The formation of pharmaceutically acceptable 

salts from the carboxylic acid is also described, for example, by reaction with 
bases including sodium hydroxide, potassium hydroxide, calcium hydroxide, 
sodium carbonate, triethylamine, pyridine, and ammonia. Owing to the low 
melting character of the carboxylic acid and the lack of crystallinit>' and 

20 hygroscopic nature of the contemplated salts thereof, drv'ing and crv'stallization of 

large quantities such as mass production lots remains inconsistent. Thus, there 
exists a need for a salt of the carboxyalkyl ether which is effective in raising HDL, 
lowering plasma Lp(a), which is crystalline so it can be manufactured and 
processed on a commercial scale, and which is amenable to pharmaceutical 

25 formulation for the treatment of vascular disease. This invention provides a salt 

form that satisfies these needs. 



SUMMARY OF THE INVENTION 

This invention provides new chemical compounds, which are calcium 
dicarboxylate ethers. The invention more particularly provides compounds 
30 characterized as solvated or unsolvated forms of the monocalcium salt of 



wo 01/55078 PCT/IBOl/00026 

o- 

6-(5-carboxy-5-methyl-hexyloxy)-2-2-dimethylhexanoic acid. The calcium salt of 
this invention is also known as ''CI-1027\ The invention compounds have 
Fomiula II: 



\ I I / 

C-C— (CH2)4— O— (CH2)4— C-C^^ • xRiOH 



O CH3 CH3 



o 



II 



CM 027 

5 wherein: 

R] is H or lower alkyl such as methyU ethyl, 1 -propyl. 2-propyl. and 1-butyL and 
X is a number from 0 to 10. Preferred compounds are those wherein K\ is H. 

A preferred compound is CI- 1027 Crystal Form 1 wherein K\ is H and x is 
equivalent to about 3% to about 6% water content and having XRD of Figure 1. 
10 Another preferred compound is CI- 1027 Crystal Form 2 wherein Rj is H 

and X is equivalent to about 3% to about 6% water content and having XRD of 
Figure 15. 

Also preferred are nonsolvated forms of the salt. i.e.. wherein x is zero. 
A method of dr\'ing the calcium salt from organic alcohols is also 
15 provided. A method of crv'stallizing the monocalcium salt is a further 

embodiment. 

A method of synthesizing the monocalcium dicarboxylate ether salts of 
Formula II is provided. The method includes exposing the dialkanoic ether acid to 
calcium oxide as the base in an organic alcoholic solvent. After allowing 

20 sufficient time for the reaction to occur, a solid product is removed and dried to 

yield a calcium dicarboxylate ether salt having a stoichiometric ratio of calcium to 
dicarboxylate ether of 1 :L solvated with an alcohol RiOH. The alcohol RjOH 
solvate can be removed by dn^'^ing with humidification of the dr\'ing chamber 
in vacuo. The calcium dicarboxylate ether salt having a stoichiometric ratio of 

25 calcium to dicarboxylate ether of 1 : 1 can be cr\'Stallized as a monohydrate by 

steam crystallization, namely by heating with water/water vapor at between SO'^C 
to 1 50**C under pressure with agitation followed by vacuum drying. A second 
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crystalline hydrate form can be obtained by healing the first form in water for an 
extended period of time, or alternatively by reacting the free acid of Formula I 
directly with calcium hydroxide and water at an elevated temperature of about 
80*C and recovering the solid by normal filtration. 
5 The compounds of the present invention are usefiil as active ingredients in 

combination with pharmaceutically acceptable diluents, carriers, and excipients to 
treat vascular disease. The use of the calcium dicarboxylate ether salt, or a hydrate 
or alcohol solvate thereof, for the manufacture of a composition for the treatment 
of dyslipidemia. such as vascular disease, is also described within. The use of the 
1 0 calcium dicarboxylate ether salt and hydrate or alcohol solvate for the preparation 

of a composition for the treatment of diabetes is also described within. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other advantages of the present invention will be readily appreciated as 
the same become better understood by reference to the following detailed 

1 5 description when considered in connection with the accompanying drawings. In 

the drawings, the term "d(A)" means the d-spacing in angstroms. "P%'" means the 
percentage of individual peaks relative to the most intense peak, which is equal to 
100%. "Area'* means area under the curve or peak. "FWHM'" means the fiiU width 
at half maximum measurement. 

20 Figure 1 is a two-dimensional drawing of the x-ray powder dififractogram 

of dicarboxylate ether monocalcium salt CI- 1027 hydrate Crystal Form 1. 

Figure lA are the numerical values given to the peaks shown in Figure 1. 
(Each of the figures labeled A are the numerical values of the XRD trace to which 
the figure refers: e.g., 2A, 3A, etc.). 

25 Figure 2 is a two-dimensional drawing of the x-ray powder diffractogram 

of the ethyl alcohol solvate of the dicarboxylate ether monocalcium salt CI-1027. 

Figure 3 is a two-dimensional drawing of the x-ray powder diffractogram 
of CI-1027 Crystal Form 1 (3.25% water) after humidification and drying of the 
ethyl alcohol solvate of the dicarboxylate ether monocalcium salt. 
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Figure 4 is a two-dimensional drawing of the x-ray powder difiractogram 
of the methyl alcohol solvate of CI-1027. 

Figure 5 is a two-dimensional drawing of the x-ray powder diffractogram 
of CI-1027 hydrate Crystal Form 1 .after humidification and dr\ing of the methyl 
5 alcohol solvate of the dicarboxylate ether monocalcium salt. 

Figure 6 is a two-dimensional drawing of the x-ray powder diffractogram 
of the 1 -propyl alcohol solvate of CI-1027. 

Figure 7 is a two-dimensional drawing of the x-ray powder diffractogram 
of CM 027 Crystal Form 1 (3.98% water) after hvimidification and drying of the 
10 1 -propyl alcohol solvate. 

Figure 8 is a two-dimensional drawing of the x-ray powder diffractogram 
of the 2-propyl alcohol solvate of CI-1027. 

Figure 9 is a two-dimensional drawing of the x-ray powder diffractogram 
of a compound of Formula II CI-1027 hydrate Crystal Form 1 after humidification 
1 5 and dr>'ing of the 2-propyl alcohol solvate of the dicarboxylate ether monocalcium 

salt. 

Figure 10 is a two-dimensional drawing of the x-ray powder dif&actogram 
of the 1 -butyl alcohol solvate of CI-1027. 

Figure 1 1 is a two-dimensional drawing of the x-ray powder diffractogram 
20 CI-1027 hydrate Crystal Form 1 after humidification and dr\'ing of the 1 -butyl 

alcohol solvate. 

Figure 1 2 is a three-dimensional comparison of x-ray powder 
diffractograms of the (a) methyl alcohoL (b) ethyl alcohol, (c) 1 -propyl alcohol, 
(d) 2-propyl alcohoL and (e) 1 -butyl alcohol solvates of the crystalline compounds 
25 of the present invention. 

Figure 13 is a three-dimensional comparison of x-ray powder 
diffractograms of the CI-1027 hydrate Crystal Form 1 derived from the solvates 
(a)-(e) jdepicted in Figure 12. 

Figure 14 is a tw-o-dimensional overlay of the x-ray diffractograms of 
30 organic solvent free 6-C5-carboxy-5-methyl-hexyloxy)-2.2-dimethylhexanoic acid 

monocalcium salt produced from various alcohol solvates. 
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Figure 15 is a two-dimensional drawing of the x-ray diffractogram of 
CI-1027 hydrate (Crystal Form 2) after heating CI-1027 hydrate Crystal Fonn 1 
with water and isolation and drying. 

DETAILED DESCRIPTION OF THE INVENTION 

5 The compounds provided by this invention are prepared from a 

dialkylcarboxylic acid ether precursor. The synthesis of the precursor 
dialkylcarboxylic acid ether is described in U.S. Patent No. 5.648387. which is 
incorporated herein by reference. The precursor dialkylcarboxylic acid ether has 
the Formula I: 

HO^ <f"3oH 

0 ^^"2)4 — o— (^"2)4 — c-c, I 

o I 10 
CH3 CH3 

The diacid of Formula I is identified as 6-(5-carboxy-5-methyl-hexyloxy)- 
2.2-dimethylhexanoic acid. It is also known as '72953"'. 

The calcium salts of Formula II that are provided by this invention are 
prepared by reacting the precursor dialkylcarboxylic acid ether (I) 72953 with a 

5 calcium base such as calcium oxide or calcium hydroxide. Calcium oxide is 

preferred. A small percentage of water can be present in the calciimi oxide (up to 
about 5%). The reaction is preferably carried out in a solvent which dissolves the 
dialkylcarboxylic acid ether (I) and is at least only minimally reactive towards the 
calcium base. Preferably, the base such as calcium oxide partially dissolves in the 

;0 solvent as well. Solvents operative in the present invention are alkanols, 

illustratively including Cj-C 12 alcohols, for example, methyl alcohoL ethyl 
alcohol, 1 -propyl alcohoL 2-propyl alcohoL butanols. pentanols. cyclopentanol, 
hexanols, cyclohexanol. and the like. Preferably, the solvent is a Cj-Cg absolute 

alcohoL and more preferably a C1-C4 alcohol. 
15 The reaction of dialkylcarboxylic acid ether (I) with calcium oxide readily 

occurs at ambient or higher pressure, and a temperature of generally greater than 
about 25®C is preferred. However, it is appreciated that the reaction is facilitated 



wo 01/55078 



PCT/IBOl/00026 



•7- 

by heating the reaction mixture to the reflux point of the solvent* or even higher 
under pressure. Agitation further promotes uniform reaction throughout the 
reaction mixture. In order to assure conversion of most of the dialkylcarboxyiic 
acid ether (I) to the mono-calcium salt, the molar ratio of calcium oxide to 
5 dialkylcarboxyiic acid ether (I) should be between approximately 0.95 to 

approximately 1 .05 molar equivalents. After allowing sufficient time for the 
reaction to occur between the dialkylcarboxyiic acid ether (I) and the calcium 
oxide, a solid product is formed and recovered. Typically, the reaction is 
complete, in refluxing solvent, in from about 4 to about 96 hours. A compoimd of 
10 the present invention results having the follo>\'ing formula: 

,C—C — (CH^). — O — (CH^). — c- C , • xRi OH 
O CH3 CH3 ^ 

CI- 1027 

wherein R\ is H or lower alkyl inclusive of methyl, ethyl, 1 -propyl. 2-propyl, 

1 -butyl, and x is a number from 0 to about 10. In a preferred embodiment, Rj is H 

(i.e., hydrates ). Typically, the amoimt of water present in preferred salt forms 

1 5 ranges from about 3% to about 6% (e.g.. x = 0.03-0.06). 

Optionally, following the reaction between the dialkylcarboxyiic acid ether 
(I) and the calcium oxide, the reaction can be diluted by addition of a second 
solvent. The second solvent (also referred to as the work-up solvent) is preferably 
miscible with the reaction solvent such that any calcium salt dissolved in the 

20 reaction solvent tends to precipitate from the solvent mixture, and any unreacted 

organic materials remain in solution. It is appreciated that cooling the original 
solvent system or the mixed solvent system containing dialkylcarboxyiic acid 
ether monocalcium salt (II) further induces precipitation. The identit>' of the added 
solvent is dictated, in part, by the identit>' of the reaction solvent. For example, in 

25 the case of the alcohols, methyl rerr-hutyl ether is a representative work-up (or 

second) solvent. Other work-up solvents can include diethyl ether, 
tetrahydrofuran, and C5-C12 mixed alkanes. However, any work-up solvent can 
be used, provided it is one in which the dialkylcarboxyiic acid ether monocalcium 
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salt (II) is substantially insoluble, and which can be readily removed by drying 
using normal conditions. Upon isolating the CI- 1027 calcium salL for instance by 
filtering or centrifliging off the solid product, the salt (II) is optionally washed 
wth fresh work-up solvent, and is thereafter dried to remove the majority of the 
5 remaining water and solvent mixture. Drying is facilitated by heating the salt (II) 

to a temperature greater than room temperature 2ind less than the decomposition 
temperature of the salt (II). Drying can be with hot air, heated inert gas, or 
in vacuo. Preferably, the CI- 1027 salt (II) is heated to a temperature range from 
between about 60°C and about lOO^C. The product is substantially dr\' of solvents 

1 0 after about 1 to 3 hours. More preferably, the salt is heated under vacuum to 

ftirther facilitate removal of the volatile solvents. 

Surprisingly, it was discovered that heating and agitating the amorphous 
form of dialkylcarboxylic acid ether monocalcium salt (II) in the presence of 
water not only removed volatile solvents, but also caused the dialkylcarboxylic 

1 5 acid ether monocalcium salt (II) to become highly cr\'stalline. 

Humidification of the calciimi salt (II) in a vacumn tray dryer facilitated 
the further removal of all volatile solvents to yield a crystalline form of 
dialkylcarboxylic acid ether calcium salt (II). The humidification can occur before 
or after complete drying of the dialkylcarboxylic acid ether monocalcium salt (II). 

20 Preferably, the solid monocalcium salt (II) is exposed to a humidification process 

prior to complete dr\'ing in order to facilitate removal of the volatile solvents to 
below the desired limit (e.g.. below about 5%) and to promote crv'stallinity. 

Thus, following partial dr\'ing of the salt in a heated vacuum chamber, 
water and water vapor is introduced to the partially dried dialkylcarboxylic acid 

25 ether monocalcium salt (II). Both drying operations are preferably done with 

agitation. After the himiidification. vacuum is reapplied until the salt (II) attains a 
stable weight. The dialkylcarboxylic acid ether monocalcium salt (II) obtained 
following a humidification process is highly cr\'stalline and has a bulk densit>' 
following tapping of between about 0.3 g/mL and about 0.52 g/mL, with an 

30 average of about 0.4 g/mL. In contrast, the amorphous form of CI-1 027 calciimi 

salt (II) has a bulk density of about 0.2 g/mL to about 0.4 g/mL. with an average 
of about 0.3 gm/mL. 
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In a preferred embodiment, the invention provides rs\'o distinct 
polymorphs, namely CM 027 Crystal Form 1 and CM 027 Crystal Form 2. 
Heating a suspension of Cr\'stalline Form 1 of the monocalcium salt in water to 
about 60°C to 90''C for extended periods of time, of about 6 to about 48 hours. 
5 converts it to the second cr\^stalline form, designated Crystalline Form 2. The 

Cr>'sta!line Form 2 product can be prepared directly, if desired, by reacting the 
dialkylcarboxylic acid ether (I) with calcium hydroxide in water. These forms are 
distinguishable from one another by their respective x-ray powder diffraction 
pattems, as evidenced in Figures 1 and 15. 

10 Cr>'stal Forms 1 and 2 are preferred embodiments because they are 

observably less capable of retaining an electrostatic charge than salts of 
Formula II that are dried without exposure to humidification. The superior 
cr\'stallinity of dialkylcarboxylic acid ether monocalcium salt (Forms 1 and 2), 
following the humidification process and a final drying, is indicated by the x-ray 

15 diffraction (XRD) analysis. X-ray powder diffractograms of solvated salts (II) are 

shown in the figures and indicate solvate formation within the solid product from 
methyl alcohoU ethyl alcohoL 1 -propyl alcohol, 2-propyl alcohol, and 1-butanol. 
Additional analysis on the post-humidification dried dialkylcarboxylic acid ether 
monocalcium salt (II) is indicative of the formation of a salt which is associated 

20 with between about 0.1 and about 1 molar equivalent of water per equivalent of 

dialkylcarboxylic acid ether calcium salt (II). as shown in Figures 1 and 15, for 
example. 

It is well-established in the art that unique cr\^stal and polymorphic forms 
of compoimds can be characterized by one or more unique 2-theta values in the 
25 x-ray dififractogram. While the Figures recite several 2-theta values, a single 

2-theta value will suffice to identify' a unique structure. Such imique stmcture 
forms also are identified by characteristic resonance peaks in the NMR, for 
instance, in the *^C NMR spectrum. 

The invention compounds of Formula II are useful pharmacological 
30 agents. The compounds have been shown to raise HDL and to lower triglycerides. 

LDL. and VLDL (see U.S. Patent No. 5.783.600). They also lower Lp(a) 
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(U.S. Patent No. 5 ,750,569), and they can be used to treat noninsulin dependent 
diabetes mellitus (U.S. Patent No. 5J56,544). 

CM 027 is currently being evaluated for clinical use in treating vascular 
diseases. Thus, the crystalline fonns of this invention are of particular importance 

5 since they will facilitate commercial manufacture and use of a life-saving 

medication. A further embodiment of this invention is a method of treating 
vascular disease and diabetes comprising administrating to a mammal in need of 
treatment an effective amount of a compound of Formula 11. An "effective 
amount* is the dose required to treat or prevent the vasctilar disease or diabetes of 

1 0 the mammal. The compounds are typically administered at a dose of about 50 to 

about 5000 mg/day, more generally about 50 to 2000 mg/day. A commonly 
employed dosage is from 50 to 900 mg/day. These same dosage levels are 
employed for the treatment and prevention of vascular disease, as well as for 
specifically lowering levels of Lp(a) and elevating HDL-cholesteroL and for 

1 5 treating and preventing diabetes. 

Further embodiments of this invention are pharmaceutical compositions 
comprising a compoimd of Fomiula II together with pharaiaceutically acceptable 
excipients. carriers, or diluents. The compounds are formulated for convenient 
oral, parenteral, or rectal administration, with oral deliver>' being preferred. 

20 Typical pharmaceutical carriers and excipienis utilized in oral formulations 

include lactose, sucrose, starches^ such as cornstarch and potato starch; cellulose 
derivatives such as methyl and ethyl cellulose; gelatins; talc: oils such as 
vegetable oils, sesame oil, cottonseed oil; and glycols such as polyethylene glycol. 
Oral preparations typically are in the form of tablets, capsules, emulsions, 

25 solutions, and the like. Controlled release formulations, for example, using a 

polymeric matrix or an osmotic pump, or the like, are also utilized. Typical 
formulations contain from about 5% to 95% by weight of a compound of 
Formula II administered with the excipient or carrier. Flavoring agents such as 
cherr)^ flavor or orange flavor are incorporated. 

30 For parenteral administration, the compounds are optionally formulated 

with diluents such as isotonic saline. 5% aqueous glucose, and the like, for 
convenient intramuscular and intravenous delivery. The compounds optionally 
also are formulated with waxes and gels in the form of suppositories. Topical 
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compositions, for example creams and skin patches, can also be prepared 
according to conventional methods. 

In order to more fiilly demonstrate the advantages of the present invention, 
the following detailed examples are set forth. It is to be understood that the 
following examples are for illustration only and should not be construed as a 
limitation on the scope of the present invention. All citations to references, 
including patents, are incorporated herein by reference. 

EXAMPLE 1 

Preparation of 6-(5-carboxy-5-methyl-hexyloxy)-2^-dimethyIhexanoic acid 
monocalcium salt hvdrate, Cr\'StaHine Form 1 



HO 



CH- 



CH 



> 



■(CH2)4— O— (CH2)4- 



3 OH 



+ CaO 



l.EtOH 



2. MTBE 



CH- 



CH. 



72953 




CH, 



Ca-^ 



CH. 



•(CH2)4— O— (CH2)4- 



CH3 



CH 



■A^ •XH2O + HjO 
O 



Pilot Scale Example to prepare CI-1027 hydrate Crystal Form 1 via ethanol 
solvate. 

Charge to 750 L glass-lined still: 
1 5 6-(5-carboxy-5-methyI-hexyloxy)-2.2-diinethylhexanoic acid; (72953) — 54.4 Kg, 

179.9 mol: 

Calcium Oxide 98%— 10.2 Kg. 178.2 mol: 
Ethyl Alcohol, pure anhydrous — 392 Kg. 497 L. 

Stan agitation (stirring) and heat mixture to reflux (76-80°C). Reflux reaction 
20 mixture for 96 hours. Cool to 45°C. Charge to reaction mixture: 

Methyl tert-But> l Ether (MTBE)— 128 Kg, 163 L. 
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Cool reaction mixture to lO^'C to 25°C and stir approximately 1 hour. Filter solid 
product by centrifiigation to provide CI-1027 ethanol solvate (Formula IL 
Rj is CH3CH2-). Wash solid product with: 

MTBE— 307Kg. 391 L. 

5 Discharge product cake from centrifuge. Charge solvent wet product cake 

(CI- 1027 ethanol solvate) to 400 L agitated pan dryer. Seal dryer and 
apply vacuum on the system. Set jacket temperature for S5°C, Start 
agitation after approximately 1 hour at 85**C and full vacuum. Stir product 
at SS'^C and full vacuum for 12 to 16 hours. Set jacket temperature to 

0 1 00°C. Close valve to vacuimi source. 

Charge by way of vacuum blank through injection nozzle: 

Water, HPLC grade— 6.4 Kg. 
Water w^ll vaporize and humidif>' the system. Stir the sealed, humidified system 
for 4 hours. Re-apply vacuum and dry product for 1 8 to 24 hours. Cool 

5 system to 25 ""C. Purge off vacuum with nitrogen. Discharge dry product 

from the dr\'er to give CI- 1 027 hydrate Crystal Form 1 as a white solid. 
Mill dry product through a Fitzmill with a #1 A screen (The Fitzmill 
Company, Elmhurst, Illinois). Overall yield: 55.2 Kg (uncorrected for 
4.04% water), 90.9%. 

0 Analytical Results: 

Ci6H28O5CaH20— Infrared (KBr): 1107.3, 1416.2. 1477.9, 1552 cm-1 

Identification (iH NMR)— (CDCI3): 5 7.2, 3.4, 1.5, 1.2. 
Identification (HPLC retention time) — Waters Symmetr>' CI 8 column; 
150 X 4,6 mm; 8.46 minutes 
5 Assay (HPLC wt/wt %)— 99.30% 

Ethyl Alcohol Content (^\t % VPC) — 0.06% 

Water Content determined by thermogravemetric analysis (TGA) — 3.45% 
Calciimi Content (by inductively coupled plasma method [ICP], corrected for 
water)— 12.91% 
0 Sodium Content — 0.08% 

XRD — CM 027 hydrate Crv'stalline Form L see Figure 1. 
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13c NMR (solid state) in ppm 189.6; 186.2: 71.4: 43.4; 30.1: 28.4: 25.2*: 23.1 
The * indicates a resonance considered unique for this Crystal Form 1 . 

Pilot Scale Data 

Upon further scale-up of the foregoing CI- 1027 hydrate Crystal Form 1 
5 process, difficulties were encountered in drying the final product. The 

monocalcium salt ethanol solvate was formed in refluxing ethyl alcohol as 
described above. The removal of the ethyl alcohol from the isolated CI- 1027 
hydrate Crystal Form 1 product proved very difficult at larger scale using typical 
maximum dr\'ing conditions (lOC'C, full vacuum) and vacuum tray dryers. 

1 0 Different t\T5es of agitated dr>'ers were investigated. Although some small-scale 

lots were dried to acceptable levels of ethyl alcohol, the resuhs were inconsistent 
and the conditions applied were not conducive to further scale-up. See Table A for 
dr\ang examples. The various lots (all prepared substantially as described above) 
are identified as "CD-numbef\ 

15 A preferred process for forming the hydrate is to expose the CI- 1027 

solvate product to humidit>\ The added humidity greatly accelerates the removal 
rate of the ethyl alcohol and facilitates production of the hydrate. This method was 
initially applied to the vacuum tray dryers with some success. The further 
application to agitated pan dr\'ers resulted in a process whereby the ethyl alcohol 

20 was easily removed in a short time period. This humidified drying process 

produced consistent crv'stalline product in short cycle times and therefore 
demonstrates feasibility for large-scale manufacturing use. 

The initial dr>'ing method, without the use of humidity, produced a 
CI- 1027 hydrate product with an amorphous physical form as determined by x-ray 

25 diffraction (for example. Lots CD-2969C-3 1 1 1 in Table A). The humidification 

process comprises drjing the alcohol solvate at an elevated temperature of about 
50°C to about 1 SO^'C in the presence of about 80% to about 95% relative 
humidity. The ethanol solvate from above w^as dried in a humidified agitated pan 
dryer to produce a CI- 1027 hydrate Crystal Form 1 product with a crystalline form 

30 as determined b\ x-ray diffraction. Subsequently, it was obser\'ed that the 

crystalline form exhibited significant advantages over the amorphous form. The 
CI- 1027 hydrate Crx stalline Form 1 (Lots CD-3 103-3243 in Table A) has a higher 
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bulk densiU' than amorphous CI- 1027 as shown in Table B. The bulk density of 
the amorphous form was observed to be decreasing with increasing production 
scale. The cr\'Stalline form, however, was consistently produced with high bulk 
densit\% and is also observably less electrostatic than the amorphous fomi. a 
5 characteristic that greatly improves the handling characteristics of the bulk 

product. It should be noted that solvent free amorphous CI-1027 product also can 
be converted directly to CI- 1027 hydrate Cr>^stalline Form 1 by exposure to 
humidification. Solvent content is not required for the conversion to the 
Cr>'stalline Form 1 product. 
10 In summar>\ the advantages of the humidification process and resultant 

crystalline product include the following: 

1 . The humidification process allows for the effective drying of the CI- 1027 
hydrate Crystal Form 1 at a large scale. It produces a consistent, 
substantially alcohol solvent free product in a much shorter time period. 

1 5 2. The resultant cr\'stalline. alcohol solvent free CI-1027 hydrate Cr>'stal 

Form 1 product generally exhibits a higher bulk densit>- than amorphous 
CI-1027. This bulk densitj' has been reasonably consistent upon scale-up, 
whereas the amorphous bulk density was observed to drop upon scale-up. 
3. The resultant cr\^stalline. alcohol free CM 027 hydrate Crystal Form 1 

20 product is observ-ably less electrostatic than the amorphous product. This 

greatly improves the handling characteristics of the bulk product in large- 
scale production operations, and in subsequent fill/finish operations for the 
phsumaceutical dosage form. 
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Table A 



Drying Time Experiments/Results 



Lot ID 


Drying Method 


Time 
(hrs) 


Solvent Content 


CD-2969C 


Vac. Tray Dryer 


48 


1.12% EtOH 




@72°C 


24 


1.08% EtOH 




@ 80^C 


72 


0.92% EtOH; 2.84% H2O 


CD-3032 


Vac, Tray Dr>'er 


24 


7.0% EtOH 




@82^C 


24 


6.0% EtOH 


Milled here 


@ 82°C 


24 


5.5% EtOH 




(a: 95°C. 


24 


4.4% EtOH 




@ 95^C 


72 


0.9% EtOH: 1.24% H2O 


CD-3044 


Vac. Tray Dryer (g^ 60°C 


24 


5.2% EtOH 




% 82°C 


24 


4.1% EtOH 






24 


4.1% EtOH 


Nitrogen bleed 


-*@ 102°C 


18 


2.0% EtOH 


started here 




72 


0.2% EtOH 




@iorc 


72 


0.1% EtOH; 1.5% H2O 


CD-3055 


Vac. Tray Dryer @ 60°C 


24 


7.7% EtOH 


Milled: moved 


-» @. 82°C 


24 


5.5% EtOH 


into a rotar\' 


-^(^. 104*'C 


24 


4.7% EtOH 


dryer here 


@ lOf-'C 


24 


3.4% EtOH 




@ 104°C 


24 


2.9% EtOH 




@ lore 


24 


2.5% EtOH 




@ 104°C 


24 


2.0% EtOH 




% lOPC 


24 


2.0% EtOH 


Moved to trays 


-» @ 103°C 


24 


0.3% EtOH 




@ lOS'C 


24 


0.1% EtOH; 1.92% H2O 
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Table A (cont'd) 



Lot ID 


Drying Method 


Time 


Solvent Content 










CD-3082 


Vac. Tray Dryer @ 82'*C 


24 


D .y / /o CAxJri 


Milled here 




24 


0.85% EtOH 


Added 5 L 


^ @ 97^C 


24 


0.72% EtOrl 


water in a tray 




24 


0.41% ttOrl 


here 


remilled 




Alio/ TT+rM-J- 1 ^oo/* W-^O 


CD-3089 


Agitated Pan Dryer 








<ffi 82 C 


24 


7.1%EtOH 




@ 98'»C 


24 


D.D% JbtUrl 




@ lOO-'C 


24 


:>.1% EtOrl 


Moved to tray 


— @ 100°C 


20 


1 .8% Et(Jrl 


dryer. Added 


.-aiorc 


18 


0.22% btvJrl 


3 i-i Wolcr 


It*^ 1 V/V/ W 


24 


0.01% EtOH; 3.02% H2O 


CD.3102 


Vac. Tray Dryer @ 84''C 


20 


0. / vo tlv^ri 




@95»C 


24 


1 OOA PtOW 




.-g! 95°C 


24 


1,11/0 CtWJn 






24 


0.6% EtOH 




@95°C 


72 


ND EtOH; 2.12% H2O 


CD-3111 


Vac. Tray Dr>'er @ 81°C 


24 


5.4% EtOH 


10 trays 


@98''C 


24 


0.07% EtOH 


without covers. 


@97°C 


24 


0.05% EtOH 


Trays placed at 


milled 




NDEtOH; 1.94% H2O 


top of oven 
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Table A (cont'd) 
Dr\ ing Time Experiments/Results 



Lot ID 


Drying Method 


Time 


Solvent Content 






(hrs) 




CD-3103* 


Agitated Pan Dryer 








@80^C 


24 


5.4% EtOH 


1 Kg water 


@ 80°C 


24 


0.07% EtOH 


added here 


@ lOO^C 


24 


0.05% EtOH 




milled 




U.VOyo CXKJrl. J. / /o n2»-' 


CD-3130* 


Agitated Pan Dryer 








@ 85°C 


24 


5.9% EtOH 


2 Kg water 


ig; 80^C 


24 


0.04% EtOH 


added here 


(a, lOO^C 


24 


0.06% EtOH 




muled 






CDol35* 


Agitated Pan Dryer 








@80«C 


24 


5.76% EtOH 


2 Kg water 


— 99°C 


22 


0.02% EtOH 


added here 




— — 






milled 




ND EtOH; 4.38% H2O 


CD-3172* 


Agitated Pan Drj'er 








@ 80°C 


20 


7.0% EtOH 


4 Kg water 


^@ 100-102°C 


19 


0.2% EtOH 


added here 


@ 100°C 

N ' 


24 


0.2% EtOH 


CD-3321A* 


Agitated Pan Dr>'er 








@ 80-85°C 


18 


6.27% EtOH 


6-4 Kg water 


— (a 96-97''C 


27 


0.23% EtOH 


added here 


97-98°C 


19 


0.06% EtOH 
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Table A (cont*d) 
Drying Time Experiments/Results 



Lot ID 


Drying Method 


Time 
(hrs) 


Solvent Content 


CD-3243* 


Agitated Pan Dryer 










19 


7.22% EtOH 


6.4 Kg water 


@ 98-99''C 


16 


0.09% EtOH 


added here 


@ 99°C 


18 


0.06% EtOH 



The product is amorphous by XRD unless designated vAih * symbol. 

The scale of product from CD-3172 was 35.1 Kg; from CD-3221 A was 53.9 Kg; 

from CD-3243 was 49.3 Kg. 

* Crystalline product by XRD analysis. 

The extra drj ing time in these examples is because of the 24-hour turn around 
time for the ethyl alcohol analysis. 
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Table B 
Bulk Density Results 



Lot iU 




ouxK i^cnsii^' 






Loose ^g/inLj 


1 appca yg/TiiLi ) 




CD-29o9C 






/MXiorpnous 








/\inorpiioiis 


CD-3044 


A /in 
0.249 


0.2 /y 


Amorphous 






A 1 ^ 


/\jnorpnous 


CD-3082 


A T5 /I 

U.2^4 


A iin 


/\inorpnous 


CD-3089 


0.292 


A ^ 

0.^j> / 


Amorphous 


CD-j102 


0.213 


A O'TA 

0.2 /O 


Amorphous 


CD-3111 


0.218 


0.264 


Amorphous 


CD-3103 


0.343 


0.484 


Crystallme 


CD-3130 


0.311 


0.496 


Crystalline 


CD-3135 


0.242 


0.379 


Crystalline 


CD-3172 


0.281 


0.438 


Crystalline 


CD-3221A 


0.372 


0.521 


Crystalline 


CD-3243 


0.235 


0.300 


Crystalline 



1. EtOH 



EXAMPLE 2 

Preparation of Crystalline 6-(5-carboxy-5-methyl-hexyloxy)-2^- 
dimethylhexanoic acid monocalcium salt, ethyl alcohol solvate 

HO 9^3 9^3 OH 

\ I I / ^ ^ 

C C— (CH7)4 O (CHo)4-C-C. + CaO ^ 

// \ - -^1 2.MTBE 

O CH:. CH:. 

" 72953 ^ 



-O ca-^ CH3 ^o- 

C— (CH2)4 O (CH2)4 " C— • XCH3CH2OH + HjO 

O CH3 CH3 ^ 
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Standard Laborator\' Method 

Charge to 500 mL, 3-neck, round bonom flask with heating mantle, reflux 

condenser, and overhead stirring: 
6-(5-carboxy-5-methyl-hexyloxy)-2,2-dimethylhexanoic acid; (72953) — 25.0 g, 

5 0.08267 mol: 

Calcium Oxide 98%— 1 .0 equivalent, 0.08267 moL 4.73 g (corrected for purity); 

Ethyl Alcohol— 1 87.5 g, 237 mL. 

Start moderate agitation (stirring) and heat mixture to reflux (76-80''C). Reflux 
reaction mixture for 4 to 24 hours. Cool to about 45''C. 
10 Charge to reaction mixture: 

MTBE — 60.0 g. 79.2 mL. 
M Cool reaction mixture to 20*'C to 25°C and stir approximately 1 hour. Filter off 

□ solid product. 

E Wash solid product with: 

P 1 5 MTBE —40.0 g. 50 mL. 

C| Dr\' product at 60'*C to lOO'^C and full vacuum to constant weight. Discharge firom 

dr\'er. White solid. Overall yield: 21 g (20 g dry basis) (corrected for water 
rU and ethyl alcohol content). 80% of title compound. 

Q Analytical Results: 

20 Identification (IR)— KBr: 1107.3. 1552 cm^l 

Identification (^H NMR)— (CDCI3): 6 7.2. 
HPLC (Area % CI-1 027)— 99.738% 
Ethyl Alcohol Content (wt % VPC)— 1 .95% 
Water Content (KF titration) — 1 .73% (avg. of 3) 
25 Calcium Content (ICP. corrected for water) — 1 0.82% 

XRD — Crystalline solvate, see Figure 2. 

13c NMR (solid state) inppm 189.9; 186.7; 71.6: 58.5*: 43.2: 29.9; 23.5 
The * indicates a resonance considered unique for this crystal form. 
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EXAMPLE 3 

Preparation of 6-(5.carboxy.5.inethyl-hexyloxy)-2a-dimethylhexanoic acid 
monocalcium salt hydrate. Crystalline Form 1 

Standard Laborator>' Method (This is a summary of repeated reactions 
5 followng the same procedure.) 

Charge to jacketed 500 mL, 3-neck, round bottom flask with overhead stirrer. 

vacuum gauge, water injection nozzle, and external temperature bath: 50 g 
of 6-(5-carboxy-5-methyl-hexyloxy)-2.2-dimethylhexanoic acid 
monocalcium salt, ethyl alcohol solvate prepared as described in 
10 Example 2. 

Seal reactor and start agitation (60-100 rpm). Pull full house vacuum on the 
system. Set jacket temperature for 60^C. Stir product at 60''C and fiill 
vacuimi for 18 hours. Close valve to vacuum source. Charge by way of 
vacuum blank through injection nozzle: Water — 20 g. 
1 5 Water will vaporize and humidify the reaction system. Stir the sealed, humidified 

system for 4 hours. Reapply vacuum and dr\' product for 20.5 hours. Cool 
system to below 30°C and purge off vacuum with nitrogen. Discharge dr>' 
product from the reactor. Product is a white chunky solid. Overall yield: 
24.89 g of title product. 

20 Analytical Results: 

HPLC (Area % CM 027)— 99.725% 
Ethyl Alcohol Content (v.1 % VPC)— 0.0% 
Water Content (KF titration) — 3.25% 

XRD analysis established the product to be Cl-1027 Cr\'stalline Fonn K see 
25 Figure 3. 



EXAMPLE 4 

Preparation of Cr\'stalline 6-(5-carboxy-5-methyl-hexyloxy)-2^- 
dimethylhexanoic acid monocalcium salt, methyl alcohol solvate 
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HO CH3 i.MeOH 

/^C-C-(CH2) -0-(CH2)4-C-C . CaO — 

O CH, CH3 
^ 72953 



,C— C-(CH-,)4 O (CH,)4-C— C. •XCH3OH + H2O 

V I ~ "I 

O CH3 CH3 

Methyl Alcohol Solvate 
Standard Laboratory Method 

Charge to 500 mL, 3-neck. round bottom flask with heating mantle, reflux 
condenser, and overhead stirring: 

6-(5-carboxy-5-methyl-hexyloxy)-2.2-dimethylhexanoic acid; CI-1027 Step 1 

(72953)— 25.0 g, 0.08267 mol: 
Calcium Oxide 98% — 1.0 equivalent, 0.08267 moL 4.73 g (corrected for purity). 
Methyl Alcohol — 187.5 g, 237 mol. 

Start moderate agitation (50-60 rpm stirring) and heat mixture to reflux (64-66*'C). 

Reflux reaction mixture for 21 hours. Cool to 45°C. Charge to reaction 

mixture: 
MTBE— 60.0 g- 79.2 mL. 

Cool reaction mixture to 20°C to 25''C and stir ^proximately 1 hour. Filter off 

solid product. Wash solid product with: 
MTBE— 40.0 g. 50 mL. 

Product is white solid with gray chunks — 50.87 g 

Dry product at 60°C with full vacuum for 3 hours to weight (21 .75 g). Dry at 
80°C for 16 hours to weight of 16.34 g. Dr\' at 100°C for 4.5 hours to 
weight of 10.97 g. Discharge from dryer. Product is a white crystalline 
solid. 



Analytical Results: 

HPLC (Area % Cl-1 027)— 99.737% 

Water Content (KF titration) — 3.36% to 4.94% (range of 3 runs) 
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Calcium Content (ICP, corrected for water)— 1 1 .00% to 1 1 .22% (water range) 
XRD — CI- 1027 methyl alcohol crystalline solvate, see Figure 4. 
13c NMR (solid state) in ppm: 189.6; 186.2; 71,4: 43.2; 29.6: 23.5 

EXAMPLE 5 

5 Preparation of 6-(5-carbox\-5-methyl-hexyioxy)-2^-dimethylhexanoic acid 

monocalcium salt, Crystalline Form 1 from methyl alcohol solvate 

Standard Laboratory- Method 

Charge to jacketed 500 mL, 3-neck. round bottom flask with overhead stirrer, 
vacuum gauge, water injection nozzle, and external temperature bath: 

10 6-(5-carboxy-5-methyl-hexyloxy)-2.2-dimethylhexanoic acid monocalcium salt; 

methyl alcohol solvate, prepared in Example 4. 
Seal reactor and start agitation (60-100 rpm). Pull full house vacuum on the 

system. Set jacket temperature for lOO^C. Close valve to vacuum source. 
Charge by way of vacuum blank through injection nozzle: Water — 10 g. 

1 5 Water will vaporize and humidify the system at 1 00°C. Stir the sealed, humidified 

system for 60 minutes. Reapply vacuum and dry product for 2 hours. Cool 
system to 25 ""C. Purge off vacuum with nitrogen. Discharge dry product 
from the reactor to provide crj'stalline white free flowing powder: 4.22 g. 

Analytical Results: 

20 HPLC (Area % CI- 1 027)— 99.24% 

Ethyl Alcohol Content (ul % VPC)— 0.0% 
Water Content (KF titration)— 3.84% 
Calcium Content (ICP. corrected for water) — 1 1.52% 
XRD — Cr\'stalline Form L see Figure 5. 



25 



EXAMPLE 6 

Preparation of Cr>'stalline 6-(5-carboxy-5-methyl-hexyloxy)-2^- 
dimethylhexanoic acid monocalcium salt, 1 -propyl alcohol solvate 
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+ CaO 



2. MTBE 



1 . 1 -Propyl Alcohol 




12)4— 0—(CH2)4— C-C 





. xCHjCH^CH^OH 



+ H^O 



1 -Propyl Alcohol Solvate 



Standard Laboratorj' Method 

Charge to 500 mL. 3-neck. round bottom flask with heating mantle, reflux 

condenser, and overhead stirring: 
5 6-(5-carboxy-5-methyl-hexyloxy)-2.2-dimethylhexanoic acid; CI- 1027 Step 1 

(72953) — 25.0 g, 0.08267 mol: 
Calcium Oxide 98% — 1.0 equivalent. 0.08267 moL 4.73 g (corrected for purity); 
1 -Propyl Alcohol — 187.5 g, 233 mL. 

Start moderate agitation (50 rpm) and heat mixture to reflux (95-98®C). Reflux 
10 reaction mixture for 12 hours. Cool to less than 50^C, Charge to reaction 



Product is clay-like white solid — 69.06 g. 

Dr\' product at 60°C and full vacuum for 16 hours (weight 29.52 g). Dry product 
at 80°C for 3.5 hours to 23.53 g. Dr>' product at lOO^C for 2 hours to 
1 8.03 g. Discharge from diyer to give white solid. 



mixture: 



MTBE— 60.0 g. 79.2 mL. 

Cool reaction mixture to 20°C to 25°C and stir approximately 1 hour. Filter off 



solid product. Wash solid product with: 
MTBE— 40.0 g, 50 mL. 



Analytical Results: 

HPLC (Area % CI-1 027)— 99.064% 

1 -Propyl Alcohol Content (TGA)— 5.99% 

Water Content (KF titration) — 1 .72% (avg. of 2 runs) 
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Calcium Content (ICP, corrected for water) — 10.73% 

XRD — CI- 1027 Cr>'stalline 1 -propyl alcohol solvate, see Figure 6. 

13c NMR (solid state) inppm 189.9; 186.0: 71.6: 43.2: 29.6: 23.8 

EXAMPLE 7 

5 Preparation of 6-(5-carboxy-5-niethyl-hexyIoxy)-2^-dimethylhexanoic acid 

monocalcium salt, Cr>'staUine Form 1 from 1-propyl alcohol solvate 

Standard Laborator\' Method 

Charge to jacketed 500 mL, 3-neck, round bottom flask with overhead stirrer, 
vacuum gauge, w^ater injection nozzle, and external temperature bath: 
1 0 6-(5-carboxy-5-methyl.hexyloxy)-2,2-dimethylhexanoic acid monocalcium salt; 

1 -propyl alcohol solvate, prepared in Example 6. 

Seal reactor and start agitation (60-100 rpm). Pull full vacuum (best available) on 
the system. Set jacket temperature for lOO'^'C. Close valve to vacuum 
source. Charge by way of vacuum blank through injection nozzle: 
15 Water — lOg. 

Water will vaporize and humidify the system. Stir the sealed, humidified system 
for 30 minutes. Reapply vacuum and dr\' product for 2 hours. Cool system 
to below 25**C. Purge off vacuum with nitrogen. Discharge product from 
the reactor to provide white course powder — 1 0.33 g, 

20 Anah'tical Results: 

HPLC (Area % CI- 1027)— 99.519% 
l-Propyl Alcohol Content (TGA)— 0.0% 
Water Content (KF titration)— 3.98% (avg. of 2) 
Calcium Content (ICP, corrected for water) — 10.20% 
25 XRD — CI-1027 Crystalline Form 1, see Figure 7. 

EXAMPLE 8 

Preparation of Crystalline 6-(5-carboxy-5-methyl-hexyloxy)-2^- 
dimethylhexanoic acid monocalcium salt, 2-propyl alcohol solvate 
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OH 



HO I - 1 ; 

C-C— (CH2)4 — O— (CH2)4 —C-% 



6' 



CH, 



72953 



CH3 



CaO 



1 . 2-Propyl Alcohol 



2. MTBE 



CH3 



CH3 



O 



2-Propyl Alcohol Solvate 



CH3 



CH3 Ca CH3^- I 

^C-C— (CH2)4— O— (CH2)4— C-C^ • xCHOH 



CH3 



-i- H,,0 



Standard Laborator\- Method 

Charge to 500 mL. 3-neck. round bottom flask with heating mantle, reflux 
condenser, and overhead stirring: 
5 6-(5-carboxy-5-methyl-hexyloxy)-2.2-dimethylhexanoic acid: (72953)— 25.0 g, 

0.08267 mol 

Calcium Oxide 98%— 1 .0 equivalent, 0.08267 mol. 4.73 g (corrected for purity) 
2-Propyl Alcohol— 187.5 g, 239 mL 

Start moderate agitation (50 rpm) and heat mixture to reflux (80-83°C). Reflux 
1 0 reaction mixture for 24 hours. Cool to 40°C. Charge to reaction mixture: 

MTBE— 60.0 g. 79.2 mL. 

Cool reaction mixture to 20°C to 25*C and stir approximately 1 hour. Filter off 

solid product. Wash solid product with: 
MTBE— 40.0 g, 50 mL. 
15 Product is white solid — 50.90 g. 

Dry product at 60°C and full vacuum for 3 hours to weight of 28.59 g. Dry at 

80'C for 16 hours to 23.27 g. Dry at 100°C for 4 hours to 17.51 g. 

Discharge from dryer to provide crystalline white solid. 



Analytical Results: 
20 HPLC (Area % Cl-1027)— 99.3 15% 

2-Propyl Alcohol Content (TGA) — 6.12% 
Water Content (KF tittation)— 1 .96% (avg. of 3) 
Calcium Content (ICP. corrected for water) — 10.27% 
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XRD — CH027 2-propyl alcohol crystalline solvate, see Figure 8. 

^'C NMR (solid state) in ppm 189.4; 187.7; 70.9; 69.4: 66.5; 63.8*: 43.2: 35,0; 

30.1:23.8: 18.7*; 14.3* 

The * indicates a resonance considered unique for this form. 



5 EXAMPLE 9 

Preparation of 6-(5-carbox\-5-methyl.hexyloxy)-2^-dimeth\ihexanoic acid 
monocalcium salt. Crystalline Form 1 from 2-propyl alcohol solvate 

Standard Laborator\' Method 

Charge to jacketed 500 mL 3-neck round bottom flask with overhead stirrer, 
10 vacuum gauge, water injection nozzle, and external temperature bath: 

6-(5-carboxy-5-methyl-hexyloxy)-2,2-dimethylhexanoic acid monocalcium salt; 
2-propyl alcohol solvate, prepared in Example 8. 

Seal reactor and start agitation (60-100 rpm). Pull full vacuum on the system. Set 
jacket temperature for 100°C. Close valve to vacuum source. Charge by 
15 way of vacuum blank through injection nozzle: Water — 10 g. 

Water will vaporize and humidify^ the system. Stir the sealed, humidified system 
for 60 minutes. Reapply vacuum and dr>' product for 12 hours. Cool 
system to below 30''C. Purge off vacuum with nitrogen. Discharge product 
from the reactor to provide a free flowing powder — 9,01 g. 

20 Analytical Results: 

HPLC (Area % CM 027)— 99.61 1% 

2-Propyl Alcohol Content (TGA)— 0.0% 

Water Content (KF titration) — 4.04% (avg. of 2) 

Calcium Content (ICP, corrected for water) — 10.93% 
25 XRD — CI-1027 Cr\'stalline Form 1. see Figure 9. 



EXAMPLE 10 

Preparation of Cr>'stalline 6-(5-carboxy-5-niethyl-hexyloxy)-2;2- 
dimethylhexanoic acid monocalcium salt, 1 -butyl alcohol solvate 



# 
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CH CH 

HO I J I 3 OH I. i-But>'I Alcohol 

)c-C— (CH,).— O— (CH2)4— C-C + CaO " ^ 

O \ ~ 1 O 2.MTBE 

CH3 CH, 
72953 

-r\ CH^ Ca"*"*" CH-> 

C— C — (CH,)^ — O — (CH2)4 — C— C • xCH3CH-,CH,CH20H + H,© 

O CH3 CH3 ^ 

1-Burvl Alcohol Solvate 



Standard Laboraton' Method 

Charge to 500 mL. 3-neck, round bottom flask v^ith heating mantle, reflux 
condenser, and overhead stirring: 
5 6-(5-carboxy-5-methyl-hexyloxy)-2,2-dimethylhexanoic acid; (72953) — 25.0 g, 

0.08267 mol: 

Calcium Oxide 98% — 1 .0 equivalent. 0.08267 moL 4.73 g (corrected for purity); 
1 -Butyl Alcohol — 1 87.5 g, 23 1 .5 mL. 

Start moderate agitation and heat mixture to reflux (1 17-120''C). Reflux reaction 
10 mixture for 12 hours. Cool to less than 50°C. Charge to reaction mixture: 

MTBE— 60.0 g. 79.2 mL. 

Cool reaction mixture to 20''C to 25 ""C and stir approximately 1 hour. Filter off 
solid product. Wash solid product with: Methyl teri-Butyl Ether — 40.0 g, 
50 mL. 

15 Product was white course solid — 44. 16 g. 

Dry product at 60''C at full vacuum for 16 hours to weight of 29.04 g. Dry at 80'*C 
for 3.5 hours to 23.83 g. Dry at lOO^'C for 2 hours to weight of 1 8.43 g. 
Discharge from dryer to give crystalline white solid. 

Analytical Results: 

20 HPLC (Area % CI-1027) —99.560% 

1-Butyl Alcohol Content (TGA)— 9.02% 
Water Content (KF titration) — 1 .93% (avg. of 2) 
Calcium Content (ICP. corrected for water) — 9.65% 
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XRD — CI-1027 Cr>'stalline 1-bun'l alcohol solvate, see Figure 10. 
13c NMR (solid state) in ppm 189.9; 186.0; 71.6; 43.2: 29.9; 23.8 

EXAMPLE 1 1 

Preparation of 6-(5-carboxy-5-methyl-hexyloxy)-24-diniethylhexanoic acid 
monocalcium salt, Crj'stalline Form 1 from l-but>i alcohol solvate 

Standard Laboratory- Method 

Charge to jacketed 500 mL, 3-neck. round bottom flask with overhead stirrer, 
vacuum gauge, water injection nozzle, and external temperature bath: 

6-(5-carboxy-5-methyl-hexyloxy)-2.2-dimethyIhexanoic acid monocalcium salt; 
1 -butyl alcohol solvate, prepared in Example 1 0. 

Seal reactor and start agitation (60-100 rpm). Pull full vacuum (best available) on 
the system. Set jacket temperature for 1 00^*0. Close valve to vacuum 
source. Charge by way of vacuimi blank through injection nozzle: 
Water — lOg. 

Water vaporize and humidify the system. Stir the sealed, humidified system 
for 30 minutes. Reapply vacuum and dr\' product for 2 hours. Cool system 
to 25*^C. Purge off vacuum with nitrogen. Discharge dr>' product from the 
reactor to give course granular solid — 10.35 g. 

Analytical Results: 

HPLC (Area % CI-1027)— 99.374% 

1 -Butyl Alcohol Content (TGA) — 0.0% 

Water Content (KF titration) — 3.96% (avg. of 3 runs) 

Calcium Content (ICP. corrected for water) — 1 0.70% 

XRD — CI-1027 Cr>'stalline Form L see Figure 11. 

EXAMPLE 12 

Preparation of 6-(5-carboxy-5-methyl-hexyIoxy)-2,2-dimethylhexanoic acid 
monocalcium salt. Cry stalline Form 2 formed by water digestion 

Standard Laboratory- Meth d 
Charge to 200 mL roimd bottom flask: 



m 
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i 10 



15 



s ; 

20 



25 



6-(5-carboxy-5-methyl-hexyloxy)-2-2-dimethyIhexanoic acid monocalcium salt: 
CI-1027 Crystalline Form 1 prepared using method of Pilot Plant 
Example 1 — 24.4 g 

Water — lOOg 

The round bonom flask containing the slurr>' was attached to a rotarx* evaporator 
and a slow rotation initiated (120 rpm). The round bottom flask containing 
the slurr>' was then immersed in a water bath set for a temperature ofSO^C. 
The aqueous suspension was stirred under atmospheric pressure for 7 days* 
and then the mixture w^as cooled to 20°C to IS'^C, The solids were 
collected by filtration and washed with 50 g of fresh water. 

The solid product was dried at QO^'C under full vacuum to constant weight to give 
CM 027 Cr>'stal Form 2 hydrate as a white solid — 21.3 g. 20.6 g dry basis 
(corrected for water). 84%. 

Analytical Results: 

HPLC (Area % CM 027)— 100.06% 

Ethyl Alcohol Content (wt % VPC)— 0.04% 

Water Content (KF titration) — 3.47% 

Calcium Content (ICP. corrected for water) — 10.78% 

XRD — CM 027 hydrate Crystalline Form 2. see Figure 15. 

13c NMR (solid state) in ppm 190.9: 189.6: 186.2: 120.4: 72,7*; 44.7*; 44.2; 

43.0: 42.3: 39.3: 37.9; 31.8: 30.9: 29.6: 27.7: 26.2*; 25.3: 24.0; 22.9; 21.5; 

and 20.2. 

The * indicates a resonance considered unique for this form. 



Preparation of Crystalline 6-(5-carboxy-5-methyl-hexlyoxy)-2^- 
dimethylhexanoic acid monocalcium salt, Cr>'staliine Form 2, formed by 
reaction with calcium hydroxide in water 
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C— (CH2)4 O (CH2)4 -(j:-C^ + Ca(OH)2 ^ 

CH. " CH. ^ 

^ 72953 ^ Calcium 

Hydroxide 

MW = 74.10 

-O j^"3 ca-^ CH3 ^o- 

/C— C- (CH2)4 O (CH2)4 "C— C. • xHjO + 2H2O 

O CH3 CH3 

Standard Laboratorj' Method 

Charge to 500 mL 3-neck. round bonom flask with heating mantle, reflux 
condenser, and overhead stirring: 
5 6-C5-carboxy-5-methyl-hexyloxyV2.2-dimethylhexanoic acid; (72953) — 25.0 g, 

0.08267 mol. 

Calcium Hydroxide Powder — 1.0 equivalent. 0.08267 moL 6.13 g (uncorrected 
for purit\'). 

Water — 175 g, 175 mL. 
10 Start agitation and heat mixture to 80°C. Stir reaction mixture at 80**C for 

12 hours. Cool reaction mixture to 0-5°C. Add 40 mL water to maintain 
stirrable mixture. Filter off solid product. W^ite solid — 49.34 g. Dry 
product at 95'*C. full vacuum for 24 hours. Discharge from dryer. Chunky, 
white solid. Pulverize before bottling — 14.62 g. 

15 Analytical Results: 

HPLC (Area % CM 027)— 99.60% 
Water Content (KF titration) — 4.93% (ave. of 2) 
Calcium Content (ICP. corrected for water) — 10.52% 
XRD — CI- 1027 Crystalline Form 2. see Figure 15. 

20 As noted in the forgoing examples, the calcium salts of Formula IL in 

various solvated forms, are solid and many are highly crystalline, thus making 
them especially useful for commercial manufacture and formulation. This imique 
solid nature and ciystallinity of the calcium salts is surprising, given that other 
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common salt forms have undesirable physical characteristics such as being 
hygroscopic and/or noncrystalline. Such hygroscopic and noncrystalline salt forms 
are unacceptable for large scale manufacturing and formulation operations. The 
following example further illustrates the advantages of the present calcium salts 
over the other salt forms. 



EXAMPLE 14 
Comparison of monoalkali earth salts to other salts 

Following the general procedure of Example L 72953 was reacted with 
sodium hydroxide, potassium hydroxide, and acetylcholine in stoichiometric ratios 
10 of 1 : 1 per dialkanoic acid molecule, and 2:1 per dialkanoic acid molecule. The 

properties of the solids thus prepared, following complete dr>'ing, were compared 
to the calcium salt (CI- 1027) from Example 1 . The results are presented in 
Table 1. 

TABLE 1 
Salt Form and Hygroscopic Status 



Salt Prepared 



Physical Form Physical Properties of Solid 



di-sodium 

di-potassium 

mono-choline 

di-choline 

mono-sodium 

mono-potassium 

mono-calcium 



Solid 
Solid 
Oil 
Oil 
Solid 
Solid 
Solid and/or 
Crystalline 



Ver>' Hygroscopic 
Ver>' Hygroscopic 



Hygroscopic 
Ver\' Hygroscopic 
None to Slight Hygroscopic 



EXAMPLE 15 

15 The effects of Cl-1027 of Formula II, Cry stalline Form 1, on Lp(a) and other 

lipoprotein parameters in t>vo models of elevated Lp(a) were determined by 
the following in vivo assays 

Cynomoigus macaque monkeys and Lp(a) transgenic mice are dosed with 
CM 027 at 3. 10. 30. 100. or 300 mg/kg for 2 weeks by oral gavage. Lp(a) 
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lowering is dose dependent (-9, -23, -64. -68. and -87% for the 3. 10. 30. 100. and 
300 mg/kg/day doses, respectively). In these, studies total plasma and HDL 
cholesterol decreased. In the transgenic mouse study, female mice were allocated 
into five groups with equivalent Lp(a) levels, and dosed by oral gavage >\ith either 

5 vehicle alone or vehicle plus CI-1027 (3. 10. 30. and 100 mg/kg/day). Blood is 

sampled weekly (2 weeks prior to treatment. 2 weeks on treatment). At the start of 
the study, plasma Lp(a) averaged 40 mg; (1 dL) across the groups. After 1 week. 
CI-1027 caused a dose dependent decrease in plasma Lp(a) (-15. -41.-54. and 
-61% for the 3, 10, 30, and 100 mg/kg/day dose levels, respectively) as compared to 

10 mice dosed with vehicle alone. There was also a dose-related decrease in total plasma, 

cholesterol, with a maximum decrease of 32% at the 1 00 mg/day dose. Lipoprotein 
profiles determined by HPLC demonstrated that the decrease in cholesterol is due 
primarily to significant decreases in LDL cholesterol. HDL cholesterol remained 
unchanged. The ratio of HDL cholesterol to VLDL LDL cholesterol improved 

15 with treatment from a control value of 0.39 to 0.65. Plasma apoB was also 

decreased by up to 30%. Changes are similar following the second week of 
treatment. 



EXAMPLE 16 

The effects of CI-1027 Crystal Form 1 on insulin sensitivitj- 

20 CI-1027 is evaluated in a standard assay utilizing 3T3-L1 adipocytes, 

which are panicularly responsive to insulin, ie. sugar uptake can be acutely 
activated 1 5- to 20-fold b> insulin. The methodology utilized for the assay is 
described more fully by Frost, et aL.JBioL Chem.. 1985:260:2646-2652. 
Specifically, 3T3-L1 fibroblast cells were obtained from American Type Culture 

25 Collection (ATCC. Rockville. MD). Cells were grown to confluence and 

differentiated into adipocvies. On Day 0. confluent cells were treated with 
167 mm insulin^ 0.25 \xM dexamethasone. and 0.5 mM methyl 
isobut>'lmethylxanthine in 10% fetal bovine serum (FBS) containing Dulbecco's 
Modified Eagle's Medium (DMEM). Two days later, the media was changed to 

30 DMEM containing 1 67 nm insulin and 1 0% FBS. The media was then switched to 

10% DMEM and changed ever>' other day until harvest. CM 027 solubilized in 
dimethyl sulfoxide, was included in the media on Day 0. and replenished with 
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each media change. Differentiation was assessed by visualizing the accumulation 
of fat droplets in the cells. Glucose transport was measured by quantitating the 

incorporation of [^^CJdeoxyglucose in differentiated cells on Day 9, according to 
the methodology described by Sandouk. et al.. Endocrinology^ 1993:133:352-359. 

5 EXAMPLE 17 

Pharmacokinetics and metabolism of [1^C]CI-1027 

Cl-1027 is under clinical evaluation for the treatment of dyslipidemias and 
atherosclerosis by elevating high-densit\' lipoprotein cholesterol (HDL-C) and 
lowering the atherogenic lipoprotein Lp(a). CI- 1027 is rapidly absorbed in the rat, 

10 dog. and monkey. Oral bioavailabilit\' appeared to be high even though Cl-1027 

pharmacokinetics are nonlinear and the dmg seemed to undergo enterohepatic 
recirculation. Apparent intravenous (IV) and per orals (PO) elimination half-life 
values are shorter in rat (5 to 7 hours) than in dog ( 1 7 to 3 1 hours) or in the 
monkey (9 to 15 hours). In vitro binding to plasma proteins is species and 

15 concentration dependent. Albumin appeared to be the primary binding protein. 

In vitro studies with rat. dog, and monkey hepatoc\tes using radiolabeled 

compound revealed two major ^"^C peaks, intact drug, and a glucuronide 

conjugate. Mean recoveiy (percent ^^C dose) in intact and bile-fistula caimulated 

rats and monkeys following 10 mg/kg [^^C] is shown below in Table 2. 

TABLE 2 



Mean Recover}' as Percent of 10 mg/kg and ^^C dose 



Excreta 


Intact Rat 


Fistula Rat 


Monkey 


Fistula Monkey 


Bile 




87.5 




42.0 


Urine 


37.0 


10.5 


78.1 


62.2 


Feces 


56.9 


0.72 


17.3 


3.82 


Total 


93.9 


98.7 


95.4 


108 



20 Metabolite profiling is performed by HPLC with radiometric detection and 

metabolites arc identified by LC/RAM/MS/MS. Essentially 100% of the plasma 
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radioactivity was xinchanged drug. Since an acyl-glucuronide is delected in bile 
and urine, LC/NMR analysis is performed to examine the potential acyl-migration 
products. 

EXAMPLE 18 

Capsule formulation 

Ingredient Amount 

6-(5-carboxy-5-methyl-hexy loxy)-2, 1 000 g 

2-dimethylhexanoic acid monocalcium salt 

hydrate Crystal Form 1 

Lactose 960 g 

Magnesium Stearate 40 g 



The ingredients are blended to unifomiity and filled into #4 hard gelatin 
capsules. Each capsule is filled with 200 mg of the blended mixture and contains 
100 mg of active monocalcium dicarboxylate ether. The capsules are administered 
to an adult human at the rate of one to three each day to lower plasma Lp(a). 

EXAMPLE 19 

Tablet formulation 

Ingredient Amount 

6-(5-carboxy-5-methyl-hexyloxy)- 3000 g 

2,2-dimethyI-l-hexanoic acid 

monocalcium salt hydrate Cr>'stal Form 2 

Lactose 750 g 

Cornstarch 300 g 

Gelatin 120 g 

Water 1000 cc 

Magnesium stearate 20 g 
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The dialkyl ether salt, lactose, and 150 g of the cornstarch are blended with 
a solution of the gelatin in the water. The wet granulation is screened, dried, and 
re-screened. The dried granules are blended with the magnesium stearate and the 
remaining cornstarch, and the mixture is compressed into 698 mg tablets using 
5 1 5/32 inch standard concave punches. Each tablet contains 500 mg of dialkyl 

ether salt. 



EXAMPLE 20 

Oral liquid formulation 





Ingredient 


Amount 




6-(5-carboxy-5-methyl-hexyloxy)-2, 2-dimethy 1 - 


4.0 g 


a 


1 -hexanoic acid monocalcium salt hydrate 






Cr\'stal Form 1 




: g ; 


Poly oxy ethylene sorbital monostearate 


0.1 cc 




Sodium carboxymethyl cellulose 


0.3 g 




Complex Magnesium Aluminum Silicate 


0.5 g 


m 


Sugar 


lOg 


5— ■ 


Glycerin 


2 cc 




Sodium benzoate 


0.5 g 


I - 


Sodium citrate 


0.2 g 




Approved red dye 


1 mg 




Cheny- flavor 


0.02 cc 




Distilled water qs 


100 cc 



The polyoxyethylene sorbital monostearate is a product such as 
10 j)olysorbate 60 or Tween 60. The complex magnesium-aluminum silicate is a gel- 

forming agent, such as Vcegum H.V. This substance is hydrated overnight in 
10 cc of distilled water. A mixture is prepared from the polyoxyethylene sorbital 
monostearate, imitation cheny^ flavor. 30 cc of distilled water, and the alkaline 
earth dicarboxylate ether and passed through a homogenizer. With vigorous 
15 stirring, the sugar, glycerin sodium citrate, sodium benzoate. and sodium 

carboxymethylcellulose are added, followed by a hydrated complex of 
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magnesium-aluminum silicate and a solution of the red dye in 2 cc of water. The 
resulting suspension is homogenized, adjusted to pH 5.0 with ciuic acid, and 
diluted to a final volume of 100 cc with distilled water. A 55-cc oral dosage unit 
of this suspension contains 100 mg of the dialkyl acid ether salt. If desired, the red 
dye and imitation cherry flavor can be omitted or replaced by other coloring and 
flavoring agents. 



EXAMPLE 21 



Coated tablet formulation 



Ingredients 



Amount for 
1000 tablets 



Tablet Core 

6-(5-carboxy-5-methyl-hexyloxy )-2. 2-dimethy 1 - 

1-hexanoic acid monocalcium salt (CI- 1027) 
Lactose monohydrate NF 
Hydroxypropyl cellulose 
Croscarmellose sodium 
Magnesium stearate (nonbovine) 
Purified water. USP 



168.92 

36.00 
18.80 
9.40 
1.88 
qs 
235.00 g 



The tablet core is prepared in a fluid bed granulator. An aqueous binder 
solution of hydroxypropyl cellulose in water is placed in a low shear mixer. The 
CI- 1027 and lactose monohydrate are blended together in the fluid bed granulator. 
The binder solution is sprayed over the top of the mixture in the fluid bed 
granulator to produce granules. The granules are collected and passed through a 
Comil. The screened granules are mixed with the croscarmellose sodium in a 
blender to uniformity. Magnesium stearate is added to the blender and the mixture 
is stirred to uniformity. The mixture is pressed into 1000 tablets using a standard 
tablet press. The tablets are mixed in a coaling pan with a solution of 7.00 g of 
Opandr>' White ¥5-1-7040 (Colorcon Inc.. West Point. Pennsylvania) and 0.05 g 
of simethicone emulsion USP (30% in water). The tablets are then coated with a 
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film that facilitates storage and administration. Each tablet contains 168.92 mg of 
CM 027. which is equivalent to 150 mg of 72953 (free acid). 

The invention and the manner and process of making and using it are now 
described in such full, clear, concise, and exact terms as to enable any person 
skilled in the art to which it pertains, to make and use the same. It is to be 
understood that the foregoing describes preferred embodiments of the present 
invention, and that modifications may be made therein without departing from the 
spirit or scope of the present invention as set forth in the claims. To particularly 
point out and distinctly claim the subject matter regarded as invention, the 
following claims conclude this specification.= 



